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Current controversies
The European Working Time Directive (EWTD) was introduced in 1996 to limit the working week to no more than 48 hours, in addition to guaranteeing a minimum number of holidays, rest breaks and limiting excessive night shifts. Junior doctors in training were initially exempt from the EWTD, but a phased introduction, known as the 'New Deal', was negotiated by the British Medical Association to limit the impact on hospital services and training. This process was finally completed in 2009. 1, 2 In order to meet the demands of these restrictions, hospital rotas inevitably moved towards a shift-working pattern for most junior medical staff. Overnight shifts can typically last 12 hours and while breaks are possible if the shift exceeds six hours, the minimum requirement for breaks is only 20 minutes. Junior staff are also expected to remain awake during their night shift, with on-call bedrooms being removed by many hospitals, a move opposed by the Academy of Royal Colleges and the British Medical Association. 3 
THE IMPACT OF WORKING NIGHT SHIFTS
Medical errors and performance
Medical trainees, however, have been shown to ignore these regulations and at times do not have sufficient recovery sleep from night shift. 4 It has been shown that sleepy doctors are more likely to make medical Human physiology should define hospital rotas, not training requirements
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ABSTRACT The European Working Time Directive (EWTD) limits excessive night shifts and restricts the working week to no more than 48 hours. The underlying rationale is to minimise the health risks to all workers. Here we debate the impact of night rotas for doctors-in-training on patient safety and medical education; when the EWTD was agreed these topics may not have been considered, either systematically or objectively. The impacts of diurnal rhythms on human functions affect all night workers, but the nature of rostered medical and surgical work has little precedent in other industries or even in the contracts of other healthcare staff. For example, rostered night duties need to be distinguished from permanent night shift work. On-call medical night work from training doctors is generally required for short periods and usually involves fewer patients. It is an important time in training, where clinical responsibility and decision-making can be matured in a supervised setting. To comply with the EWTD most hospitals have adopted rota patterns that aim to cover the clinical needs, while ensuring no doctor works for more than 48 hours in an average working week. To monitor this process longterm studies are necessary to evaluate effects on a doctor's health and on patient care generally. The EWTD has also led to a loss of continuity of patient care; does this really matter? education errors. [5] [6] [7] [8] Chronic sleep deprivation, as occurs with shift working patterns, has also been shown to cause impairment of neurobehavioural performance in physicians. 9 Worryingly, many workers may be significantly impaired by sleep deprivation or fatigue, but have no awareness of their limitations.
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Health
Beyond the issues of patient safety, shift working has been shown to have an impact on the health of workers. Although there are virtually no studies from medical settings, data from other industries suggest that chronic circadian misalignment may be associated with a number of co-morbidities including cardiovascular disease, metabolic disturbances, gastrointestinal problems, fertility issues, mood disorder and some types of cancer.
11 Mortality is also higher in those with chronic sleep restriction 12 and driving while sleepy, particularly among junior doctors who often have lengthy commutes during their specialty training, is particularly dangerous.
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SlEEP dEBT
It is inevitable that working night shifts will lead to fatigue and sleepiness. Sleeping during the day is less efficient and restorative than sleeping overnight, and it has been shown that workers on night shift have significantly less sleep, with increasing 'sleep debt' with successive night shifts. 14, 15 This sleep debt that can be as much as two hours per day. Chronic sleep loss of this type can lead to significant performance impairment, 16 with each hour of sleep lost being 2.7 times more potent than a gram per kilogram of alcohol ingested during studies. 17 Over the course of a 'four-night' shift pattern, this is the equivalent to a whole night's sleep loss which, acutely, is comparable to a blood alcohol concentration of 100 mg/100 ml, well over the UK driving limit. 18 The extent of this sleep deprivation is greater when trainees are required to work for seven night shifts in a row.
Physiological mechanisms also make it very challenging to work overnight. Daily variations in levels of wakefulness and sleepiness in the normal population are the result of two neurobiological mechanisms -the homeostatic mechanism where the pressure for sleep builds through the day and is dissipated by sleep and the circadian rhythm, which acts as an internal 'body clock' that promotes wakefulness during the day and sleepiness at night. 19 These mechanisms are synchronised under normal, daylight working patterns. However, shift working can alter the usual pattern of sleep onset or wakening, desynchronize these two mechanisms, and cause patterns of chronic sleep loss resulting in continuous, partial sleep deprivation and increased sleepiness while awake, even if the worker has sufficient opportunity for sleep. 20 Additionally, the circadian drive towards wakefulness is at its maximum during the day, and its lowest overnight. Working overnight therefore takes place when the drive for wakefulness is at its lowest, and this can contribute significantly to symptoms of fatigue and sleepiness when working night shift, with corresponding functional impairment.
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ROTA PATTERNS
Rota patterns are also a factor that increases fatigue. Despite this, there have been few studies looking at the optimum shift design that limits fatigue, reduces handover frequency and is also compliant with working time limitations. 22 Many rotas will move staff from day shift immediately to a night shift. Many also do not allow for sufficient recovery periods from night shifts. It has been shown that performance remains impaired, even after three nights of recovery sleep. Rotas may allow their workers only two nights of recovery sleep before further nights shifts, or moving back to day shift, and this is clearly insufficient. 16 Sudden changes to rota patterns are not advised as it impairs the worker's ability to adapt to night shift patterns. In industry, most transitions provide at least a 24-hour break between completing the day shift, and starting the night shift. This allows for a full night time sleep and afternoon nap prior to the nightshift and thus reduces the period of continuous wakefulness. Changing shift patterns in a 'clockwise' pattern are also thought to be beneficial in improving adaptation to working nights.
11,14
AdAPTATIONS
Many hospitals have rotas where staff will work seven 12-hour shifts in a row. These patterns are often used to allow workers to adapt during their block of nights. Although adaptation to night shifts is, in theory, possible with time, it is very challenging and involves controlled use of light and behavioural methods. These techniques are demanding and, with the exception of small groups of workers in the oil industry who work off-shore in controlled conditions, prolonged blocks of nights is generally avoided in industry as a result.
Regardless, junior medical staff usually work relatively short blocks in an attempt to maximise training opportunities during the day and these are often too short for adequate adaptation, even with judicious use of light and other counter measures. 13, 23 Even with sufficient adaptations in the workplace, evidence suggests that certain individuals are incapable of adapting to working night shifts and may develop chronic sleepiness and/or insomnia as a result. This will be associated with increased functional impairment. 24, 25 The International Although this may be considered to be an inevitable consequence of shift working on training, we feel that patient and doctor safety should be the priority, and the effects on performance caused by night shift should be limited as far as possible. In particular, we call for a maximum of 2-3 night shifts at any time, with a minimum of two nights recovery between these blocks.
We recognise that this will have an impact on training, but the evidence is clear -the experience from industry cannot be ignored and human physiology should be used as the guide to set rota patterns.
education CHRONOBIOlOGy ANd TIME-SHIFTEd WORK IS NOT NEW
The circadian clock affects many aspects of human physiology and function and chronobiology has been recognised for nearly 100 years in a large body of scientific literature. 1 That night work efficiency is affected by this phenomenon in those who are not fully timeshifted to an alternate light-dark cycle is neither a recent finding nor contestable. [2] [3] [4] That long periods of night working are associated with adverse health consequences for those that follow such work patterns long-term is also a well-established association. 5 We agree that the extent to which this should impact on how medical services and junior doctor training are provided and how this should be structured and monitored is a valid matter for detailed consideration. However, we would suggest that out of context inferences are unhelpful.
NIGHT MEdICAl dUTy: SWINGS ANd ROUNdABOUTS
Globally, healthcare requires periods of night medical duty; this is inevitable despite being unpopular, inconvenient and generally avoided by many. Medical night work tends to be rostered and generally shortterm. It is usually completed adequately and has a training benefit for junior doctors during a formative phase of their career. Permanent night shift is exceedingly rare in adult hospital medical practice in contrast to other contexts. With this in mind, it is worth considering this question from two aspects: work practices in the contemporary context and training imperatives.
The impact of brief naps on medical effectiveness is unclear, thus criticisms of expecting night working to be continuous (without sleep) in principle in staff who are not following an on-call pattern are sadly unsupported by data. The intensity of night medical work is linked with undeniable diurnal human activity. Fewer patients are seen at night, generally there is a clear-cut seasonal flow and, for many acute illnesses, a diurnal variation in disease onset is evident. The need for full capacity in the early hours is reduced accordingly. Actual demand or patient choice is rarely factored in. Finally and again without parallel in other industries, night working in medicine has been traditionally recognised as a time where medical staff in training can have some limited autonomy for a brief period and learn to manage patients in a less pressured environment and with support available on or off site. The training advantages of this should not be dismissed out of hand. There are some physician trainees who relish this prospect, some who find it difficult and a source of understandable anxiety and there are also yet others who discover their true capacity to make independent decisions only in this context. Avoiding decision-making and deferring responsibility is not a desirable learning algorithm.
ROSTEREd dUTy IN THE CONTEMPORARy CONTExT
Few people choose to work at night due to the inevitable social disruption this entails. Few will ever become fully time-shifted to a reversed sleep/wake cycle as routine night duty rosters tend to be short. A full reversal would take in excess of eight days of time, with gradual shifting. This is not standard practice and its value in terms of medical decision-making capacity is uncertain. However, it could easily be studied and compared with a control group without difficulty. Such studies would help to define any advantages either in medical work or overall wellbeing.
Much of the 'evidence' of the detrimental effects of medical night working comes from a former era of long continuous on-call periods, a time when 'resident' medical officer meant resident at the hospital, although not necessarily always busy. Most societies have long shifted their doctors away from such duty rosters and the residents quarters have been closed. Encouraging night staff to nap in such areas during continuous duty is an interesting concept to offset sleep disordered function. However, in a medical context this has no evidence base and is likely to be counterproductive in principle and practice. The impact of former continuous duty on medical intern staff, by forcing patterns of sleep deprivation or at best fractured sleep, have shown documented distortion of perception, temporal disorganisation and memory impairment and a broad range of mood changes linked to fatigue. 6 The relevant questions in the contemporary context are the extent of impaired biology from poorly synchronised rostered night working and quantifying the impact of this, if any, on medical efficiency and effectiveness.
dETRIMENTAl: By WHAT MEASURE?
Claiming that periods of rostered night working is harmful is an extrapolation of the undoubtedly evident physiological effects derived in different contexts. Actual data on how doctors work at night are lacking, although education inferences from permanent night shift or other levels of work with no relation to medical decision-making are abundant. This is scientifically unsound. An important confounder in all of this is the uncertainties in work practice by doctors and possible manipulation of their own activity to fit with social agendas or personal commitments which result in exacerbation of sleep deprivation. This would be an entirely understandable behaviour, but it is difficult to factor in the overall rostering and employment of trainee doctors. It is not avoidable by changing the roster.
Medically qualified staff numbers have risen exponentially to cope with reducing on-call duty hours and replacing these with rostered duties and handover at considerable cost in every health economy. The impact of this shift in service provision on the quality and quantity of training time is unknown, but logically there would be a reduction in cumulative experience following directly from reduced training time and patient exposure. This is most easily quantified in surgical practice 7 but is likely to be directly mirrored in medical training. Claiming the detrimental impact of curtailing night work is irrelevant is simply illogical.
Reduced training (by simply logging numbers of operative and procedural tasks done) is more readily defined for surgical training. However, this is harder to define in relation to the quality of medical decisionmaking for physician trainees. Anyone who has worked at night knows that there are unique challenges in this context. Would altering or avoiding such shifts result in better decision-making? This is unclear. The problem is that there is no real evidence of predicated outcome either way as the workload, nature and component parts of medical practice and decision-making have largely been left unstudied and unquantified. Suppositions about the impact are premature and are confounded within the wholescale adjustments of the undergraduate medical curriculum in the UK that have occurred in the past 30 years.
Medical working at night is about medical decisionmaking. Few appear to be able to recognise or define the importance of this activity, which is little researched in diurnal medicine, far less in night working. 8 Presumptions of impending disaster linked to rostered night work are largely speculative. Comparison with other industries is problematic. For example, parallels to aviation are not simple. Pilot error can be minimised through repeated flight simulation during training prior to certification and automation of many tasks in flight. Simulation as a component of medical training is in its infancy and is devoted primarily to simple procedural tasks. The extent of cognitive and decision-making skills required by a physician is as numerous as there are patients who will present in the night shift.
TIME FOR RESEARCH RATHER THAN COMMENT
What value is there in further considering sleep-wake biology in medical rosters? Could service design be usefully altered? What then in principle is special about a medical shift worker (as most training doctors are).. We would suggest that the occult effects of their sleepwake cycle shift and neurobiology is to be balanced against acquiring diagnostic experience. Methods now exist for scientific study in this area. Studies that track activity and wakefulness could easily be done blinded by using anonymous GPS activity data from cell phones and accelerometers uploading continuously. Clearly, bias might be entered if the subject knew of their monitoring and, of course, phone movement is only a possible surrogate for wakefulness. Better technologies to monitor drowsiness during activity and work are available in many sophisticated automobiles, 9,10 and individualised personal web browsers, 11 collecting data on eye movement as well as facilitating web access. The use of such systems might better illustrate the impact of night working on awareness level.
Abrupt short-term on-call patterns are potentially detrimental if rostered to these and where diurnal patterns of activity are maintained. Long-term night work or on-call with sleep disturbance is now unusual. Individual manipulation of activity and attempts to covertly maintain a diurnal activity pattern would be commonly encountered. Clearly staff cannot be forced to time-shift and only encouraged to do so.
CAN NIGHT dUTy BE IMPROvEd?
Manipulation of light-dark cycles has been adequately demonstrated in many neurophysiological studies for nearly 100 years. Clearly this can be achieved but at what cost? Is it worth the effort in a medical context? Weekly rotation of duties as is commonly employed in some institutions (for example, the rostering of other health workers such as hospital nursing staff) is undoubtedly problematic as phase shifting of activity and responsiveness will only occur by one or two hours a day, meaning that for most it is only by the end of the duty week that adjustment has occurred. At this point they are often placed back to day duty following a period of rest which is inadequate to restore them to a normal sleep-wake pattern.
CONClUSIONS
Broader sleep-wake biology is undeniably relevant to rostered night work in medicine. The basis of this has been known for decades. Damaging on-call patterns with repetitive disturbed and prolonged periods on-call have been largely abandoned and reference to them is education irrelevant to this issue. We have technologies to define and study medical work better in terms of wakefulness, impact on function and the relevance to decisionmaking. Moreover, the social pressures on training doctors need also to be recognised as factors in their overall work/life balance. We would suggest calling for information, understanding and relevant workplace observations using novel monitoring technologies rather than unscientific association and presumption. 
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Working the night shift
The Royal College of Physicians of Edinburgh has a unique blend of rooms providing the perfect location for your conference, meeting or event. The Victorian Great Hall, galleried New Library and the Georgian Cullen Suite are wonderful settings for dinners and receptions. The modern Conference Centre seats up to 300 people in raked seating and is complemented by breakout rooms seating from 10 to 150 people, a keypad voting system and video conferencing. The College provides a stunning setting for weddings and receptions and is licensed for both civil and religious ceremonies. Discounts are available for Fellows and Members, medical conferences and charities.
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